reductions in membrane width and failed to interfere with cholesterol domain formation or lipid peroxidation. These findings provide insight into novel potentially atheroprotective benefits of EPA that are independent of lipid changes. Department of Physics, University of Massachusetts, Amherst, MA, USA. We have studied ion-specific effects of monovalent salts on coexisting liquidordered (Lo)/liquid-disordered (Ld) domains using small-angle X-ray scattering. In particular, we focused on nanoscopic changes in domain properties in mixtures of dioleophosphatidylcholine, distearophosphatidylcholine and cholesterol brought about by Cl -
, Br -and I -at various concentrations. Global data analysis in terms of the scattering length density model resulted in highly-resolved data on domain thickness, area per lipid and bending fluctuations in Lo and Ld domains. In accordance with previous experiments on homogenous bilayers changes in structural parameters within a given phaseeither Lo, or Ld -follow the well-known Hofmeister series (Cl -< Br -< I -). Interestingly, however, these effects are expressed to different levels in coexisting Lo/Ld domains. In particular, Ld domains are much more susceptible to ion-specific interactions than Lo domains. For example the area per lipid decreases rapidly for Ld domains but not for Lo domains. This suggests a significant role of the ionic composition of the aqueous phase in structuring complex lipid membranes. Elevated free cholesterol levels lead to atherosclerotic-like changes in membrane structure, including cholesterol crystalline domain formation. Omega-3 fatty acids such as eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) may differentially affect cholesterol domain formation as a result of their distinct biophysical properties. In this study, we tested the comparative effects of EPA and DHA on lipid oxidation, membrane fluidity, and lipid structural organization. The lipid oxidation effects of each agent (10 mM) were measured in vesicles prepared as binary mixtures of dilinoleoylphosphatidylcholine and cholesterol and exposed to autoxidative conditions for 72 hr. Changes in membrane fluidity and lipid structural organization were measured using diphenylhexatriene (DPH) fluorescence anisotropy and small angle x-ray scattering approaches, respectively, in palmitoyloleoylphosphatidylcholineenriched membrane vesicles prepared at 50 mol% cholesterol in the absence or presence of each agent at 5-10 mol% and tested over a broad range of temperatures. EPA and DHA were found to reduce lipid oxidation to a similar extent. However, only DHA affected membrane lipid fluidity, reducing DPH apparent rotational correlation values by 20% (19.4 to 15.6 nsec). Notably, DHA also induced cholesterol domain formation and reduced the lipid bilayer unit cell periodicity (d-space) from 57Å to 55Å with increasing temperature (15-30 C). By contrast, EPA had no effect on cholesterol domain formation and produced larger d-space values (60Å to 57Å , with increasing temperature) as compared to DHA (p<0.05). These data indicate that EPA and DHA, despite similar antioxidant benefits, had different effects on membrane bilayer width, lipid fluidity, and cholesterol crystalline domain formation. These results suggest that omega-3 fatty acids may differentially affect membrane lipid dynamics and structural organization as a result of their unique phospholipid/ sterol interactions.
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Binding of Vitamin E in Model Membranes Studied by Umbrella Sampling Simulations Xiaoling Leng, Fangqiang Zhu, Stephen R. Wassall. Physics, IUPUI, Indianapolis, IN, USA. Alpha tocopherol (atoc), the form of vitamin E that is retained in the human body, is a lipid-soluble anti-oxidant. Its presumptive role is to protect polyunsaturated fatty acids (PUFA) from oxidation in cell membranes. The global concentration of atoc in the plasma membrane is low (generally < 1 mol%), so preferential interaction with PUFA-containing phospholipids has been hypothesized to optimize protection of the lipid species most vulnerable to oxidative assault. To test this hypothesis we are investigating the desorption energy of atoc in model membranes using umbrella sampling molecular dynamics (USMD) simulations. Insight into the flip-flop of atoc across the membrane will also be obtained from the free energy barrier at the center of the bilayer. USMD simulations of atoc molecules in membranes composed of 1-stearoyl-2-docosahexaenoylphosphatidylcholine (SDPC, 18:0-22:6PC) and, as a monounsaturated reference, 1-stearoyl-2-oleoylphosphatidylcholine (SOPC, 18:0-18:1PC) are now ongoing. The position of the chromanol group of atoc in the membrane-normal direction is chosen to be the reaction coordinate. The simulations consist of 45 windows separated by 1 Å and arranged from the center of bilayer all the way to the bulk water, each sampled for 200 ns. Preliminary calculation of the mean force in SDPC shows that the equilibrium position for the chromanol group is around 12 Å from the bilayer center, consistent with our earlier simulations. More accurate calculation of the potential of mean force (PMF) is being performed using the weighted histogram analysis method (WHAM). (EPA, 20:5) and docosahexaenoic acid (DHA, 22:6) have been the primary focus while docosapentaenoic acid (DPA, 22:5) , the elongation product of EPA, has only begun to be studied recently. They differ in the number and/or location of double bonds and thereby biological activity. One approach to discriminating differences between the three n-3 PUFA is to understand how they modulate the molecular organization of cell membranes when incorporated into phospholipids. Here we performed all-atom molecular dynamics (MD) simulations on model membrane systems composed of 1-stearoyl-2-eicosapentaenoylphosphatidylcholine (18:0-20:5PC), 1-stearoyl-2-docosapentaenoylphosphatidylcholine (18:0-22:5PC), 1-stearoyl-2-docoshexaenoylphosphatidylcholine (18:0-22: 6PC) and, as a monounsaturated control, 1-stearoyl-2-oleoylphosphatidylcholine (SOPC, 18:0-18:1PC) in the absence and presence of cholesterol. All simulations were run in the constant particle number, pressure and temperature (NPT) ensemble at 37 C and 1 atm for 200 ns. There are 98 lipids in the single component membranes and 100 lipids (80 phospholipids and 20 cholesterols) in the two-component membranes. Preliminary analysis of the simulations, validated by 2H NMR experiments, confirms that all three n-3 PUFA disorder membranes compared to oleic acid (OA, 18:1). They establish that the disordering is greatest with EPA and least with DPA. Unique among the PUFAcontaining membranes, there is region of high order in the upper portion of the DPA chain. The addition of cholesterol increases the order and thickness of the membranes, all three PUFA-containing membranes exhibiting a substantially smaller response than SOPC. More detailed analysis is underway to characterize the interaction with cholesterol. The results will be discussed in the context of the findings from studies on cells. Borrelia burgdorferi is the causative agent of Lyme disease. Co-existing ordered (raft) and disordered membrane domains have been detected in the outer membrane of B. burgdorferi, and in whole Borrelia lipid extracts, despite lacking sphingolipids -which are a crucial component of eukaryotic rafts. In order to understand the principles of lipid raft formation in this organism, we have isolated its three major lipids, acylated cholesteryl galactoside (ACGal), monogalactosyl diacyglycerol (MGalD) and phosphatidylcholine (PC). Anisotropy and FRET experiments have been used to study ordered domain formation in aqueous dispersions formed from these lipids individually and in various lipid mixtures. We found that ACGal has the highest potential to form ordered domains both by itself and in lipid mixtures. Interestingly, B. burgdorferi PC forms ordered domains more readily than MGalD. MGalD Wednesday, March 2, 2016 583a
2881-Pos
2882-Pos
